We have reviewed 17 patients (18 hips) who required repeated open reduction for recurrent or persistent dislocation after a previous attempt at zigzag osteotomy combined with fibular allowgraft for developmental dysplasia of the hip (DDH). The purposes of this study were to examine predictors of redislocation and to evaluate the long-term outcomes after revision surgery. The mean age at primary open reduction was 24 months (13 to 36). The median time to the recognition of failure was 4.6 months. The second reduction was performed at a mean age of 26.3 months (17 to 42) and the mean age at final follow-up was 79.7 months (58 to 105) and the mean time follow-up was 42.4 months (37 to 76). We treated the hips with a new open reduction through an anteromedial approach. A constricted anteromedial capsule was always found as the main factor; all had an intact anteromedial capsule, and there was an inverted transverse ligament in five cases and a very tight psoas tendon in another four cases, eversion of the limbus in six cases, densing anterior capsule in five cases. We perform with the condition that all hips were cleared of scar tissue; five hips had adductor tenotomy; four hips required release of the psoas tendon, five eversion of the limbus. Release of the transverse ligament was required in five cases each. All hips with Kirschner wire through the femoral head into the acetabulum. Three hips required femoral shortening (average of 1.5 cm); a derotation varus osteotomy was performed in two hips from ten and twelve weeks after repeated open reduction. Postoperative results according to modified McKay criteria for clinical: excellent: 3 of 18 hips (16.7%); good: 8 of 18 hips (44.4%); fair: 6 of 18 hips (33.3%); and poor: 1 of 18 hips (5.6%). We suggest that technical failure is usually the cause for redislocation with all that has an intact anteromedial capsule. There was an inverted transverse ligament, tight psoas tendon, eversion of the limbus, and densing anterior capsule. We believe that abnormal femoral version and femoral head dysplasia are also important factors for redislocation too. 
Introduction
The goal of treatment in developmental dysplasia of the hip (DDH) is to obtain and maintain a stable concentric reduction as quickly and as easily as possible. It is generally accepted that an open reduction is indicated for a developmental dislocation of the hip when a congruous, concentric and stable reduction is not achieved by closed methods. Uncommonly, open reduction is not successful, and re-dislocation occurs.
The reported incidence of re-dislocation after open reduction varies. It would appear to depend upon the approach used, the age of the patient at the time of initial reduction and, perhaps, the expertise of the surgeon. It has been reported to occur in 0% -8% following open reduction via an anterolateral approach [1] [2] , and when the medial approach is used, this figure rises to 5% -14% [2] - [4] .
Most instances of failure after a primary open reduction were the consequences of errors in surgical technique. Most of these hips had not had an adequate release of the anteromedial capsule and of the inferior articular structures [5] [6] .
Previous reports have highlighted the problems of management of this difficult problem [1] [5] [6] . We present our experience with 17 patients (18 hips) who had redislocation following zigzag osteotomy combined with fibular allowed graft for DDH, and analyze the possible causes of failure and examine the outcome on both clinical and radiological basis.
The purpose of this study was to rigorously examine the risk for redislocation after open treatment for DDH in a consecutive series of patients who had received their entire care at 1 institution. Our secondary purpose was to evaluate the long-term outcomes after revision surgery.
Material and Methods
After obtaining approval from our institutional review board, we queried the surgical database at our center to identify all patients who had undergone an open reduction for the treatment of DDH with zigzag osteotomy and combined fibular allograft [7] . Patients with teratologic dislocations, neuromuscular or connective tissue disorders, and those patients with a history of a previous open hip procedure at another institution were excluded from the study.
Informed consent was obtained from all participants. The study had the approval of the Ethical Review Committee of our Institute and was carried out in accordance with the tenets of the Declaration of Helsinki.
Between 2009 and 2012, 18 hips in 17 patients (one patients had bilateral) dislocations were treated by repeat open reduction at our institute. One patient required revision of both hips. Fourteen of the hips were in girls and three in boys; 14 were left hips and 4 right.
The radiographs taken immediately before the repeat procedure were evaluated for the presence of avascular necrosis, coxa magna, and the degree of displacement (see Figure 1) . The latest available radiograph was graded according to the revised Severin classification [8] . All patients were reviewed at a minimum of three years after the second reduction (mean 42.4 months; range 37 to 76).
The Acetabular Index Angle The acetabular index was measured as the main variable to evaluate the correction of the acetabular dysplasia and the subsequent maintenance thereof. The term acetabular index was introduced by Kleinberg and Lieberman of New York in 1936 to make a radiographic sign [9] . "The angle formed between the roof or iliac portion of the acetabulum and a horizontal line passing through the triradiate cartilages".
Meaning Length
The hip is held in place with both hip and knees neutral extension, We used a ruler for measuring length and compared both lower limb for "Leg-length Discrepancy", performing begins anterior superior iliac spine to lateral top ankle.
The mean age at primary open reduction was 24 months (13 to 36). The second reduction was performed at a mean age of 26.3 months (17 to 42) and the mean age at final follow-up was 79.7 months (58 to 105). The mean time follow-up was 42.4 months (37 to 76).
Operative and clinical records were then reviewed to identify those patients who needed a second open reduction of the hip because of redislocation. Clinical and operative records were retrospectively reviewed for both cohorts to determine demographic information, clinical data, length of follow-up, and which additional procedures were performed at the time of the initial open reduction. For the study population, the time to redislocation was noted as well as the number and nature of the subsequent procedures that were performed. Operative notes from the revision surgeries were examined to determine the surgeon's subjective reason for the redislocation.
The Primary Treatment (Table1)
In 18 patients the fact that reduction had not been achieved by the primary open reduction was recognized be- 
Technique of Operation
Each case presents its own individual problems but some basic principles can profitably be discussed. The incision of zigzag osteotomy [7] and approach is most useful, modified as necessary to allow for previous scarring. The capsule is opened widely and the acetabulum is then cleared of the fibro-fatty tissue which may fill it. A Surgeon's finger could through acetabular notch and indentify any obstruction to reduction. Redundant tissue is excised, and the remaining capsule is stitched down to the pelvis, with especial care at the anterior rim of the acetabulum. It was then opened in a T-shaped manner, and the joint was inspected. Adhesions, which were usually dense, were then released. Any obstruction to reduction usually the psoas tendon, the ligamentum teres, the transverse ligament, the limbus or the pulvinar that had not been dealt with at the primary procedure was then released. If the limbus was inverted, it was everted by making radial cuts. The acetabular notch was cleared of scar tissue. Once the hip was reduced, radiography is used to identify whether the hip is.
In cases with anterior displacement mobilisation of the femoral head may not be too difficult, but posterior displacement necessitates very careful dissection around the capsule. The head of the femur often becomes stuck posteriorly and the capsule is drawn across the mouth of the acetabulum, making it very difficult to identify. In a number of cases it was necessary to use a Kirschner wire and radiographs during operation to make sure of the position of the acetabulum.
If, after these soft-tissue procedures, there was still difficulty in reducing the hip, a femoral shortening was performed through a second, lateral incision and in these cases femoral neck anteversion was also corrected. Any redundant posterosuperior capsule was excised and capsular adhesions to the lateral wall of the pelvis were released. Capsulorrhaphy was performed with heavy-duty sutures. In femur which there was significant femoral anteversion, a derotation varus osteotomy was performed ten to twelve weeks after the open reduction.
In some cases, despite all the above steps, the hip was still unstable and in these Kirschner wires were used to maintain concentric reduction. The wire was passed through the greater trochanter and into the ilium above the capsule after capsulorrhaphy and was retained for three weeks.
Postoperative immobilisation in a hip spica was for 6 to 12 weeks depending on the need for a second-stage femoral osteotomy.
The spica cast was applied immediately after surgery, hip in 30 degrees of flexion, 45 -50 degrees of abduction, and 20˚ -30˚ degrees of internal rotation.
The reduction was confirmed clinically and by intra-operative radiographs. Post-operative immobilisation in a hip spica was maintained for 10 -12 weeks.
We evaluating Post-Operative result combined Radiological according to the Severin [8] 
Results
Between 2009 and 2012, 178 patients (bilateral hips in 13 patients) with 191 hips have been open operated zizag osteotomy combined fibular allograft. There were 18 hips in 17 patients (one patients had bilateral) redislocation (9.1%) were treated by repeat open reduction at our Institute by the same surgery.
All hips were cleared of scar tissue; Five hips with adductor tenotomy; Four hips required release of the psoas tendon, five eversion of the limbus. release of the transverse ligament was required in five case each. The case 6, eversion of the limbus and adhesions with ligamentum teres (see Figure 2 ). All hips with Kirschner wire (Kwire) through the femoral head into the acetabulum. Three hips required femoral shortening (average of 1.5 cm); a derotation varus osteotomy was performed in two hips from ten and twelve weeks after repeat open reduction.
Evaluating Operative Results
Overall, Postoperative results according to modified McKay criteria for clinica: Excellent: 3 of 18 hips (16.7%); 
Discussion
Radiological evaluation demonstrated that zigzag osteotomy combined fibular allograt produced [8] similar results to the original osteotomy. The acetabular index was restored to within normal limits in the immediate post-operative period and continued to improve thereafter. Lin et al. [12] reported a mean of 13˚ of correction, whereas Bohm and Brzuske [13] reported a mean of 11.9˚ of correction with a Salter osteotomy. It et al. [14] reported a mean 16.4˚ improvement in the acetabular index. The mean correction of 18˚ in this series was comparable to those reported in the literature. Rab [15] estimated that the Salter innominate osteotomy provides about 15 degrees of lateral coverage and 25 degrees of anterior coverage, although many clinicians believe that more lateral coverage can be obtained. in this study was comparable to those reported in the literature. In the literature, the rate of graft displacement ranges between 0% and 17% [11] - [14] . In zigzag osteotomy combined fibular allograt, the rate of graft displacement was 0%. This postoperative result of graft may be the result of the care taken to verify the stability of the graft with this technique. An initial increased acetabular index reflects the absence of normally located femoral epiphysis and its stimulus in the acetabulum [16] . This may indicate that this complication is a real failure of the previous closed and open reduction, instead of a redislocation, when some acetabular improvement must appear in acetabular index values. In this study, the mean correction of 18.54˚ (range, 14.08˚ -21.83˚), we demonstrated that acetabular index was continued to improve and it is not cause for the redislocation or resubluxation (see Table 4 ). All the patients were treated by a further open operation to reduce the displaced femoral head; this was frequently a technically demanding procedure because of dense scarring. Examination under anaesthesia and screening with an image intensifier can be very useful before operation. Arthrography is often difficult because of intra-articular scarring. CT scans were not used routinely but are very useful when the bony architecture is distorted on plain radiography. CT scanning can show the position and shape of the femoral head relative to the acetabulum and also the shape of the acetabulum; this may have become grossly distorted or even destroyed after previous treatment [17] .
Most instances of failure to obtain stable reduction at the initial operation were the result of errors in surgical technique or judgement. In many cases the previous skin incision had been placed where it would have been very difficult to obtain an adequate exposure, even allowing for possible migration of the incision with growth.
The anteromedial approach occasionally used as primary treatment for open reduction in congenital dislocation of the hip, because of its directness, simplicity and effectiveness for children under 2 years of age [3] [9] [12] . However, most orthopaedic surgeons prefer the anterolateral approach, as it allows eversion of the limbus, capsulorraphy and a simultaneous pelvic osteotomy. However, limbectomy is not always necessary and it may involve acetabular development, requiring secondary procedures [18] [19] .
This anterolateral approach has been chosen and treating previous failed open reduction [5] [6]. All of them considered in their surgical revisions that the anteromedial approach area was the problem. On the basis of these experiences, we chose anteromedial approach approach going directly to this area, although an anterolateral approach could be useful also, and less technically demanding. The anteromedial approach allows the release of the adductor longus, before open reduction, through the same incision. The approach also allows easy reaching of the psoas tendon, transverse ligament and the constricted anteromedial capsule [18] [6] .
These anteromedial obstacles are common in the first open reduction, and they are the main problems in the failure of open reduction [6] . All our patients showed an intact anteromedial capsule, after the anterior capsulotomy. It was also possible to remove the intraarticular adhesions (see Figure 3) and to clean the acetabulum through this approach [20] .
In a more recent study, Chidambaram et al. [21] described 12 patients (11 referrals) who required revision surgery for failed open reduction. Most failures were again attributed to inadequate release of the transverse acetabular ligament and incomplete capsulotomy.
Most of the patients had not had an adequate soft-tissue release or sufficient clearance of the structures which obstruct reduction of the head into the acetabulum. Both of these procedures may make it difficult to ap- preciate the proper position of the femoral head in relation to the acetabulum, and may compromise the capsulorrhaphy. The success of the capsular repair is very important in the first few weeks after open reduction; undue tension applied either anteriorly or posteriorly may cause dehiscence or stretching. In many revision cases, the capsule was much scarred, and an adequate capsulorrhaphy was not possible. We have to do thin capsule so could be done. Failure to tighten the posterior capsule may lead to posterior subluxation of the head, especially if an osteotomy has been performed simultaneously. Our findings in these respects agree with those of Bos and Sbooff [5] and McCluskey et al. [2] . A capsulorrhaphy was performed. In many revision cases, the capsule was very scarred, and an adequate capsulorrhaphy was not possible. There were 5 hips of them (see Table 5 ) in this study with densing anterior capsule in this study, they have been performed to do thin anterior capsule so could be done. As our patients did not have a simultaneus osteotomy at the time of first open reduction, and all primary surgeons felt convinced that a good superior capsulorraphy was obtained, we directed our surgery to the anteromedial area of hip joint. We felt that closed reduction would be unsuccessful because of the significant scarring from previous surgery and that the anteromedial approach should be used [2] (see Figure 3) .
The most common finding at the time of revision surgery was abnormal femoral version, and none of these patients had had a previous derotational osteotomy. Our institute has previously shown wide variability in femoral version in children with DDH [22] . On the basis of this study, we have moved toward a more individualized surgical plan based on a child's specific degree of femoral anteversion, and now favor derotational femoral osteotomy for those children who have greater than 60 degrees of femoral anteversion at the time of open reduction. Optimization of femoral version may have a beneficial effect on acetabular development by redirecting the resultant forces of muscles around the proximal femur more directly toward the acetabulum. The retrospective nature of this study, however, limited our ability to gather objective data regarding femoral version and therefore we are unable to draw definitive conclusions. The next stage in their treatment was to correct excessive femoral anteversion since they believed that reduction could be stabilised by this manoeuvre. The belief that a rotation osteotomy conferred stability is based on the assumption that a deeply placed and correctly centred femoral head stimulates normal growth of the dysplastic acetabulum. Indeed, Harris, Lloyd Roberts and Gallien [23] suggested that, following congruent reduction, 95% of acetabula would develop normally in children up to four years old.
A common factor in the patients with redislocation in the fourth group was performing Salter innominate osteotomy along with femoral shortening and derotation. This group has the most amount of patients with redislocation (P < 0.05), although uncorrected femoral anteversion is the cause of redislocation according to Wang et al. [24] , good results have and combining derotational femoral shortening osteotomy with open reduction to reduce the incidence of redislocation in DDH was first used for older children been reported by some authors [25] - [27] , but, the combination of the Salter innominate osteotomy with femoral derotation makes the posterior wall of the acetabulum uncovered and the risk of the posterior dislocation increases by the combination of these two operations [28] . This study, it is associated with increased femoral anteversion which will require correction. So four to six weeks later repeated open reduction a subtrochanteric derotation femoral osteotomy was performed. After a further six weeks in a hip spica the child was allowed to mobilise freely. The most common reason for failure, based on findings during the revision surgery, was improper exposure and release of the inferior capsule and transverse acetabular ligament. Other factors that were implicated with failure of treatment were difficulties with spica immobilization and excessive derotation of the femur. In all, failure to maintain reduction could be attributed to an inadequate soft tissue release or insufficient clearance of the structures, which obstruct reduction.
This fact emphasizes the need for the open reduction of DDH to be performed by experienced paediatric orthopaedic surgeons. The bilateral dislocations, treated primarily at our institution, had no definitive soft tissue obstruction evident at re-operation apart from adhesions and pulvinar tissue. As in all the previous reports [5] [1], the poor final clinical and radiographic results reflect the numerous procedures performed in these children to obtain a stable, concentric reduction. We suggest that technical failure namely inadequate soft tissue release is usually the cause for re-dislocation in unilateral dislocations (see Table 6 ). In bilateral dislocations, no obvious reason was evident, and it may be that the biological behaviour of these hips is in some way different.
Resubluxation occasionally occurs anteriorly but only rarely posteriorly. With increasing experience, it became clear that the clinical signs could help to differentiate the direction of displacement. While all patients showed shortening and a limp, those with anterior displacement tended to retain a reasonable range of movement at the hip, which was held in lateral rotation, with little or no range of medial rotation. By contrast, hips with posterior displacement showed marked stiffness, were held in medial rotation, often with some flexion, and allowed little or no lateral rotation. An anteriorly displaced head of femur was sometimes palpable in the groin, but in cases with marked anterior displacement, the greater trochanter is easily palpable in the buttock and can be mistaken for the femoral head. In two patients, attempts to repeat the open reduction had been abandoned as impossible by the referring surgeon [5] [17] .
Our experience bears out this contention. Anterior displacement after osteotomy is very much easier to deal with than posterior displacement because there is usually less scarring and less distortion of the femoral head. However, it is associated with increased femoral anteversion which will require correction, either at the same time as the open reduction or preferably at a second-stage femoral osteotomy. Posterior re-displacement produces the characteristic clinical signs of a stiff, adducted, flexed, medially rotated hip. Like posterior displacement of the shoulder it can easily be missed on early postoperative radiographs. The major problems at re-exploration in these cases are the mobilisation of the femoral head from its posterior position, the probable deformity of the femoral head and the identification and clearance of the acetabulum [17] .
Our experience bears out this contention. Anterior displacement after osteotomy is very much easier to deal with than posterior displacement because there is usually less scarring and less distortion of the femoral head. Posterior re-displacement produces the characteristic clinical signs of a stiff, adducted, flexed, medially rotated hip. Like posterior displacement of the shoulder it can easily be missed on early postoperative radiographs. The major problems at re-exploration in these cases are the mobilisation of the femoral head from its posterior position, the probable deformity of the femoral head and the identification and clearance of the acetabulum.
The exact cause of the redisplacement after osteotomy is difficult to determine but it is likely, as listed by Tachdjian [29] that the main factors are a poorly executed osteotomy, a lax capsulorrhaphy and excessive femoral anteversion.
Anterior displacement is due to deformity of the upper part of the femur. Posterior displacement is due to posterior acetabular defects. Computerized tomography is needed for this type of displacement. Roth observed 4 redislocations in the secondary group, which he attributed to incomplete reduction, insufficient capsulorrhaphy, and/or insufficient immobilization [30] . Insufficient capsular repair can also lead to redislocation [31] . Tachdjian, Fixen and Haidar established weak fixation of the osteotomy region, a lax capsule, and femoral over-anteversion as reasons for redislocation and resubluxation
The abduction in the spica cast was significantly higher in the control patients (mean 50.8 degrees) compared with those who failed open reduction (mean 38.8 degrees). Increased abduction in the spica cast is likely effective for 2 reasons. First, abduction can prevent redislocation during the casting period by directing forces more perpendicular to the mouth of the acetabulum, and second, increased abduction may improve acetabular remodeling during the period of immobilization so that the acetabulum is a better shape upon cast removal. Salter and others have warned against immobilization in excessive abduction as this increases the risk of osteonecrosis [32] [33] but to our knowledge, the correlation between abduction and osteonecrosis has only been shown in flexed hips after closed reduction, not the relatively extended position after open reduction. Salter, himself, preferred a spica cast with the hip placed in slight flexion, approximately 45 degrees of abduction, and mild internal rotation to maintain a concentric reduction. Our patients in this study with abduction in the spica cast mean 39.2 degrees at previous surgery and postoperative repeated open reduction was 51.4 degrees.
Conclusions
We suggest that technical failure is usually the cause for re-dislocation with all that have an intact anteromedial capsule. There was an inverted transverse ligament, tight psoas tendon, eversion of the limbus, and densing anterior capsule in five cases. There was an inverted transverse ligament and a very tight psoas tendon, eversion of the limbus, densing anterior capsule. We performed with all hips that were cleared of scar tissue; adductor tenotomy; hips required release of the psoas tendon, eversion of the limbus; release of the transverse ligament was required. All hips with Kirschner wire (Kwire) were through the femoral head into the acetabulum. The hips required femoral shortening (average of 1.5 cm); a derotation varus osteotomy should be performed in hips from ten and twelve weeks after repeated open reduction.
Limitations of this study included the following. This was studied with small data and with a relatively short follow-up period. Not all the included patients were followed till skeletal maturity, which is of critical importance, as the clinical, as well as radiographic, results tend to vary with time. Nevertheless, this study shows that redislocation of the failure after a primary open reduction was the consequence of errors in surgical technique.
